Green soybeans (Glycine max. Merr.) were grown in sand to determine the salt tolerance affected by salinization of sea water, NaCI, Na2504, MgC12 and Mg5O4 at osmotic potentials of -1.20, -1.70 and -2.70 bars as compared to a control of -0.70 bars of base nutrient solution. Dry weight of the whole plant, fresh weight of seeds and pods, and number of pole were greatest in the control and decreased in each salinity with decreasing osmotic potentials. Growth was greatest in the Mg504 series, less in the sea water and Na2SO4 series, and least in the NaCI and MgC12 series. There was a marked suppression of growth in the NaCI and MgC12 series at -2.70 bars. Chloride-salinity caused markedly different symptoms from those caused bysulfate-salinity. In chloride-salinity treatments chlorosis and necrosis were observed on margins of leaves, and developed acropetally at the middle and late stages of growth. The lower the osmotic potentials the more pronounced the symptoms. In sulfate-salinity treatments at only -1.70 bars interveinal chlorosis was found. Na, Mg, C1 and SO4 content of leaves and sand solution (SS) tended to increase with decreasing osmotic potentials of treatment solutions in sodium-, magnesium-, chlo ride-and sulfate-salinities, respectively. EC values of SS increased and osmotic potentials of SS decreased as osmotic potentials of treatmentsolutions decreased. The values were similar at the isosmotic potential in each salinity.
Introduction
A previous experiment (10) showed that green soybeans (Glycine max. Merr.) were a relatively salt sensitive plant to high concentration (more than 1, 000 ppm Cl.) of diluted sea water. It has been considered (1, 13 ) that the primary cause of growth reduction by high salinity was the low osmotic potential of the medium and the secondary cause was specific ion effects, such as Na and Cl. If the low osmotic potential was dominant as compared to specific ion effects, various salinities must affect the growth of plants to the almost same extent at the isosmotic potential. However, there are several reports that the response of plants differed according to salinity type (4, 5, 6, 8, 14, 15) . Under natural conditions the salts in well water contaminated by sea water are almost always mixtures of several cations and anions. It is difficult to ascertain the specific ion effects from a study of such sea water. This study, with single salts added to base nutrient solution, was undertaken to determine the salt tolerance of green soybeans under controlled conditions and to more adequately explain the effects of salt source and concentration on the growth and development.
Salts added to the base nutrient solution were classified as sodium-and magnesium-salinities, and chloride-and sulfate-salinities.
Sea water was regarded as sodium-and chloride-salinities because Na and Cl are dominant ions.
Green soybeans were selected for this experiment because it is one of the main crops at Miho, Shimizu, where the highest salinity was detected in well water (9) .
Materials and Methods
Twenty-seven seeds, cv. `Hakucho' were directly sown in a wooden container (40x40 x 12 cm) filled with 12 l of Tenryu River sand and placed in the greenhouse, on April 6, 1978. Seedlings were thinned to 9 uniform plants per container on April 19, when the primary leaves were completely expanded.
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There were 16 treatments, as shown in Table  1 , consisting of base nutrient solution (control) and sea water, NaCI, Na2SO4i MgC12 and MgSO4 dissolved in the base nutrient solution at osmotic potentials of -0.50, -1.00 and -2.00 bars. The osmotic potential of the base nutrient solution was -0.70 bars. The composition is shown in Table 1 . The sea water was taken at Miho seaside. Each treatment had 4 replications, thus, there was a total of 64 container plots. Treatment solutions were applied to the sand medium from April 14, when the soybean plants were at the 3 to 4 leaf stage, to June 12, at which time they were harvested. These applications (approximately 1 1/container/time) were made twice on clear days, once on cloudy days and none on rainy days.
Symptoms of salt injury were evaluated during the experiment and at harvest. After harvesting green soybeans were separated as to leaves, stem (including petioles), roots, and pods (including seeds). After washing the plant parts well, measurements were made on fresh weight of seeds, number of pods, dry weight of leaves, stem, roots and seeds, and main elements in leaves. Chemical properties of sand solution were also determined. Total-N in leaves was determined by the electrode method using Orion Model 901 microprocessor ionalyzer.
Sand solutions at pF 0 to 3.8 were extracted by the same methods as described previously (12) .
The other analytical methods were the same as described in an earlier paper (10) .
The data obtained were statistically analyzed by Duncan's multiple range test.
Results

Growth (Figs. l and 2)
At the end of the experiment, fresh weight of seeds+pods, dry weight of whole plant, leaves, stem, roots and seeds+pods, and number of pods were greatest in the control and decreased significantly in each salinity as osmotic potentials decreased from -1.20 to -2.70 bars. At isosmotic concentrations, very similar amounts of plant growth expressed by the dry weight occurred in the sea water, Na2SO4 and MgSO4 series, but there was a marked suppression of growth in the NaCI and MgCl2 series at the low osmotic potential. At -2.70 bars, dry weight of whole plant expressed by percentage of the control was 24, 34 and Not only number of pods, but also fresh weight of one pod including seeds decreased with increasing salinity. The decreased rate was almost the same as dry weight of the whole plant. At -1.20 bars fresh and dry weight of seeds was less in the NaCI and Na2SO4 series than in the MgSO4 and MgCl2 series. However, at -2.70 bars the fresh and dry weight was extremely depressed in the MgC12 series and was relatively greater in the Na2SO4 series. The osmotic potential of treatment solutions which caused a 50% loss in whole plant dry weight was calculated by graphical interpolation and was -1.52, -1 .24, -1.50, -1.23 and -1.80 bars in the sea water, NaCI, Na2SO4, MgC12 and MgSO4 series, respectively. Based on the above calculations, the growth was greatest in the MgSO4 series, less in the sea water and Na2SO4 series, and least in the NaCI and MgCl2 series.
The salt injury symptoms of chloride (sea water, NaCI and MgC12 series)-salinity resembled each other, but were different to a great extent from those of sulfate (Na2SO4 SOCIETY Y FOR HORTICULTURAL SCIENCE and MgSO4 series)-salinity, which also resembled each other.
Chlorosis first appeared on the margins of basal leaves and developed interveinally at the middle stage of growth in the chloride-salinity. The injury also progressed acropetally. At the late stage, leaves showed lighter color as compared with the control, and at the lower part of the plants they became brown and dropped. Necrosis developed from the margins inwardly on the middle leaves. Leaf margins at upper part of the plants curled up. The lower the osmotic potentials of treatment solutions the more pronounced the injury, resulting in plants almost drying up at -2.70 bars in MgCl2 and NaCI series.
The plants in the sulfate-salinity were darker green and smaller as compared with the control. The lower the osmotic potentials of treatment solutions the more pronounced the response. Visible and typical symptoms induced by sulfate were not observed until several days before harvesting.
Around harvesting chlorosis on leaves was observed between veins and expanded to include the entire leaf. In some plants chlorosis developed into necrosis. The symptoms markedly occurred at -1.70 bars in both Na2SO4 and Table 2 ) Na, Mg, Cl and S04 content tended to increase with decreasing osmotic potentials of nutrient solutions in sodium-, magnesium-, chloride-and sulfate-salinities, respectively.
Some exceptions occurred at -2 .70 bars in the chloride-salinity.
Mg content was higher in the MgSO4 series (2.72 to 3.84%) than in the MgCl2 series (1.64 to 2.09%). At -1.70 bars Na content was greater in the Na2S04 series (2.95%), less in the NaCI series (1.08%), and least in the There seemed to be a slight increase of Cl content in NaCI (7.32 to 8.17%) and MgC12 (7.23 to 9.11%) series as compared to the sea water series (5.63 to 7.34%). SO4 content was little different at the isosmotic potential in the sulfate-salinity and tended to be lower in the chloride-salinity (0.18 to 1.36%) than in the control (1.66%). Ca content was relatively higher in the MgCl2 series (2.03 to 2.86%) and lower in the MgSO4 series (0.71 to 1.07%), although these values were not significantly different from the control (1.84 %). K content tended to be higher in the sodium-salinity (3.32 to 4.83,%), and to be lower in the magnesium-salinity (1.80 to 2.50%) than in the control (2.93%). Tatal-N was significantly lower in the sulfate-salinity (2.04 to 2.62%) than in the control (3.01%). There was no significant difference in Ca, K and total-N content in each of the series. P content was higher in all treatments than in the control and increased with decreasing osmotic potentials.
Chemical properties of sand solution at the end of the experiment (Figs. 5, 6 and 7. Table 3) EC values increased and osmotic potentials decreased as osmotic potentials of treatment solutions decreased. The values were similar at the isosmotic potential in each series, although EC values were slightly higher at -1.70 bars in the magnesiumsalinity. Na, Mg, Cl and SO4 content markedly increased with decreasing osmotic potentials in sodium-, magnesium-, chloride-and sulfate-salinity, respectively. Mg in the MgC12 series and SO4 in the Na2SO4 series were lower than Mg and SO4 in the MgSO4 series. Na content was relatively lower in the sea water series, higher in the NaCI series, and highest in the Na2SO4 series in the sodium-salinity.
Cl increased at almost the same magnitude in the chloride-salinity with decreasing osmotic potentials of treatment solutions. Mg in the MgSO4 series, and P in the MgCl2 and MgSO4 series were signifi cantly higher than those in the other treatments. There was no distinct difference in pH values and K content. N03-N was not affected by the treatments.
Discussion
The presence of excess salts in the medium is known to adversely affect the growth and development of most plants. Common effects of salinity are in inhibition of germination, stunting of growth, chlorosis on leaves and depression of yields (10, 11) .
It has been con- (2, 3, 13) that plant growth reduction is primarily due to low osmotic potential of the soil solution. However, Dirr(4) stressed that the injury of honeylocust exposed to Cl salts suggested a specific effect. There are many reports that plant responses varied with different salts at isosmotic concentration (5, 6) and the degree also varied with kinds of crops and cultivars (7, 13) .
Even if the cause of injury is primarily due to osmotic effects, variations of responses affected by various salinities need to be determined.
The plant responses to different types of salinity were reported by other investigators. Joolka et al. (7) found that the grape cultivars differed in their response to Cl or S04 salts, `Beauty Seedless' and `Early Muscat' being relatively more tolerant to chloridesalinity, and `Thompson Seedless' to sulfatesalinity.
Bean growth was affected to the same extent by isosmotic potentials of sodium chloride and sulfate (5, 6) , although some parameters such as leaf thickness and relative water content showed different responses according to salinity type. With tomatoes (6) and rice (15) , the growth was more suppressed in the sulfate-salinity than in the chloride-salinity at isosmotic concentration. Therefore, the response to chloride-and sulfate-salinity must vary with crops. The In the present experiment, the chloride-salinity suppressed growth more than did the sulfate-salinity.
The growth in the sea water series was greater than in the NaCI series. C1 and Na concentrations of treatment solutions were somewhat higher in the NaCI series than in the sea water series at the isosmotic potential. At the end of the experiment, EC values of sand solutions seemed to be higher in the NaCI series than in the sea water series, although there was no significant difference at the isosmotic potential.
Cl and Na content in leaves tended to be higher in the NaCI series than in the sea water series. Thus, it is considered that more accumulated Na and Cl induced much more suppression of growth and increased severe injuries. However, at -1.70 bars Na content in leaves was highest in the Na2SO4 series in the sodium-salinity.
Moreover, the osmotic potential which caused a 50% loss in whole plant dry weight was almost the same (-1.23 bars) in the chloride-salinity, and was lower in the MgSO4 series (-1. 80 bars) than in the Na2SO4 series (-1.50 bars) in the sulfate-salinity.
This may suggest that Na and Mg affect the growth of green soybeans similarly.
Therefore, the suppresion may be mainly attributed to the specific ion effect of C1.
The marked difference in the adverse effect of Mg on the growth response as compared with that of Na was reported by Gauch and Wadleigh (5) with beans and by Osawa(13) with some vegetable crops. In the present experiment, plant growth in the magnesiumsalinity was much suppressed by MgC12 salinity, but less by MgSO4 salinity. Mg content in leaves was higher in the MgSO4 series (2.72 to 3.57%) than in the MgC12 series (1.64 to 2.09%).
Cl and SO4 content in leaves was higher in the MgCl2 and MgSO4 SOYBEANS AFFECTED BY VARIOUS SALINITIES 495 series, respectively. Ca content in leaves was higher in the MgCl2 series (2.03 to 2.86%) than in the MgSO4 series (0.71 to 1.07%), but was not significantly different within respective salinity. Therefore, with respect to the major elements in leaves, the adverse effect of Mg on the plant growth was not observed and the plant growth suppression in the MgCl2 series seems to be attributed to the specific ion effect of Cl, when comparing MgC12 and Mg5O4 series.
The results of this experiment showed that growth of green soybeans was greatest in the Mg5O4 series, and least in the NaCI and MgCl2 series. Chloride-salinity reduced the growth much more than did sulfate-salinity. However, at -1.20 bars MgC12 salinity did not depress the dry and fresh weight of seeds when compared with other salinities.
The degree of growth suppression may vary with not only the type of salinity, such as chloride or sulfate, but also the kinds of cation accompanied with anions and concentrations of the individual salt.
